The human placenta and umbilical cord are short lived organs that are indispensable for the growth and maturation of the developing fetus. When there is normal placental and cord function, maternal, fetal, childhood, and adult health is more common. Examination of the placenta and umbilical cord may be considered secondary to the fetal examination by sonographers. Ultrasound professionals must be cognizant of the importance of sonographic examination and documentation of the structure of the placenta and umbilical cord. This paper reviews several of the most common structure placental and umbilical cord abnormalities that are detectable with two dimensional ultrasound.
INTRODUCTION
The human placenta and umbilical cord are short lived organs that are indispensable for the growth and maturation of the developing fetus. When there is normal placental and cord function, maternal, fetal, childhood, and adult health is more common. Abnormal insertion of the umbilical cord was recognized as early as the 1700's and its association with fetal morbidity was recognized from the 1800's. 1 Umbilical cord insertion sites are normally located centrally on the placenta. Cord insertion is easily visualized during the second trimester ultrasound, and can be seen in over 99% of cases. 1 Abnormal cord insertions, including velamentous and marginal insertions, occur in approximately 8% of pregnancies. 2, 3 Marginal umbilical cord insertion, also known as battledore placenta, is generally defined as an exaggerated form of eccentric umbilical cord insertion;
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it is typically diagnosed when the cord inserts within 1 to 2 cm from the placental edge. 2, 4 Marginal umbilical cord insertions are more common than velamentous cord insertions, accounting for 88% of all abnormal cord insertions. Insertion of the cord within the placental membranes before reaching the placenta is known as velamentous type of cord insertion. 1 It occurs in 1 to 2% of singleton pregnancies, and can be found in up to 15% of monochorionic twin gestations. 4
Risk Factors for Marginal or Velamentous Cord Insertions
Rates of abnormal cord insertions are generally higher for twin (both dichorionic and monochorionic) vs singleton gestations as well as in patients requiring assisted repro ductive technologies, most specifically in vitro fertilization. 3, [5] [6] [7] [8] Other risk factors for the development of abnormal cord insertions include advanced maternal age, nulliparity, maternal smoking, presence of a female fetus and prior cesarean section. [9] [10] [11] There is conflicting data on whether abnormal cord insertions are associated with increased risk of fetal malformations. 3 Maternal conditions including asthma, chronic hypertension, obesity, and type 1 and gestational diabetes have been associated with increased risk of velamentous cord insertion. 3, 12 Asthma, chronic hypertension as well as pregestational and gestational diabetes have been associated with an increased risk of marginal cord insertion. 3 
Visualization of Abnormal Cord Insertions by Ultrasound
Multiple studies have evaluated the ability of ultrasound to detect abnormal umbilical cord insertions confirmed by pathological examination. The majority of studies were performed in the second and third trimesters. The current guidelines for obstetric ultrasound published by the American Institute of Ultrasound Medicine (AIUM) state that the placental cord insertion site should be documented when 'technically feasible' as part of the second and third trimester ultrasound examination, but placental examination is not included as part of the first trimester ultrasound. 13 There are case reports of the ability to detect velamentous cord insertions as early as 10 weeks gestation, particularly using transvaginal ultrasongraphy. 14 Hasegawa et al were able to identify the umbilical cord insertion site between 9 and 11 weeks gestation 94% of the time. They found that insertion sites identified as arising from in the lower 1/3 of the uterus were associated with increased risk of velamentous or marginal cord insertion found at the time of delivery. 15 A small prospective study performed by DiSalvo et al evaluated 54 cord insertion sites in 46 pregnancies via ultrasound in the second and third trimester (mean gestational age was 27 weeks), and found a sensitivity of 69% (11/16), specificity of 100% (38/38) and accuracy of 91% for detection of marginal or velamentous cord insertions at a single tertiary care academic institution. 5 All false negative ultrasound evaluations had confirmed marginal cord insertions on pathological follow-up. Another larger combined prospective and retrospective study by Pretorius et al found that the placental cord insertion site was seen in 99% of singletons and 87% of multiple gestations. Overall ultrasound had a sensitivity of 42% and specificity of 95% in detecting abnormal cord insertion sites during the second trimester in this study. 16 In a prospective study by Sepulveda et al, ultrasound including use of color Doppler, the placental cord insertion site was identified in 99% of cases. 17 Fetal positioning over posterior placentas was found in cases where placental cord insertion site could not visualized on serial ultrasound examinations. Eight cases of velamentous cord insertions were diagnosed in the second or third trimester by a single sonologist. Sensitivity was 88% (7/8). In the one misclassified case, prenatal diagnosis of velamentous cord insertion was found to be marginal at the time of delivery. Sensitivity could not be calculated because cord insertions identified as normal via ultrasound did not have a postpartum follow-up or pathological examination documented. The feasibility of three-dimensional (3D) ultrasound was piloted in a subgroup of this prospective cohort. It was found that additional 3D images did not add any significant information to those obtained by gray-scale or color Doppler; indeed, 3D imaging had a reduced detection rate of cord insertion site (10-40%) and was more time consuming than traditional ultrasound modes of evaluation.
Nomiayama et al also performed a prospective study on diagnosis of velamentous cord insertions in the second trimester by gray-scale and color Doppler. 18 Sensitivity and specificity was found to be 100 and 99.8%, respectively using a single sonographer. One case of misclassified velamentous cord insertion was found in a twin pregnancy, which on pathology was found to be normally inserted; in two other cases the cord insertion was not seen prenatally but was found to be normal upon pathological examination after delivery. Improved detection as compared to those discussed previously could be due to gestational age limitation of 18 to 20 weeks for study inclusion as compared to others which included both gestations in the late second and third trimesters. In a prospective study by Hasegawa et al, 97% of cases had cord insertion site identified. 19 They found a sensitivity and specificity of velamentous insertion detection of 63 and 100%, respectively at 18 weeks gestation. Of the 40 cases of velamentous insertion found on post-delivery examination, 15 (38%) did not have a prenatal sonographic diagnosis. These were diagnosed as marginal (13%), normal (60%) or unknown (13%). The sensitivity and specificity was 72 and 99%, respectively for the diagnosis of marginal cord insertion at 18 weeks gestation. Twenty-eight percent of marginal cord insertions were not able to be identified prenatally (11/39); 64% were misclassified as normal and the remaining 36% were not able to be identified. Detection rates of abnormal cord insertion were significantly higher for those insertions located anteriorly vs posteriorly or at the fundus.
Multiple definitions of marginal and velamentous cord insertions were utilized in these various studies. While sonologist experience may play a role in improved detection rates, other factors including the presence of multiple fetuses, fetal positioning, placental location and gestational age at evaluation play a role in the sensitivity and specificity of ultrasound to detect abnormal cord insertion sites. In 2012, Kuwata et al coined the term 'mangrove sign' after visualization of branching vessels from a single site of the cord insertion, which was velamentous in nature. The branching noted on color Doppler resembled the roots of a mangrove tree, and can be used to assist in diagnosis of velamentous cord insertion. 20 
Pregnancy Risk and Abnormal Cord Insertions
Cord insertion abnormalities and their association with adverse pregnancy outcomes were studied as early as the 1950's. In a case series by Monie, velamentous cord insertion prevalence was 15% in placentas from spontaneous abortions and births between 9 and 38 weeks gestation. 21 Velamentous umbilical cord insertions have been consistently associated with adverse outcomes including perinatal death, fetal growth restriction and small for gestational age neonates, low APGAR scores, and stillbirth. 3, 10, 12, [22] [23] [24] [25] 100 There have also been associations with increased risk of abnormal fetal heart rate pattern in labor, preterm delivery, malpresentation, pre-eclampsia and operative delivery. 3, 10, 26, 27, 95 Congenital anomalies also appear to be associated with velamentous cord DSJUOG insertions. 21, 24, 28, 29 A large case series by Robinson et al found a variety of anomalies associated with marginal and velamentous cord insertions, including malformations and deformations. 29 Placental abnormalities including abruption and placenta previa also appear increased in pregnancies with velamentous cord insertion. 3, 10, 11, 99 However, due to the rare occurrence of velamentous cord insertions, many studies are limited by very small sample size.
In contrast, associations between marginal umbilical cord insertions and adverse fetal and neonatal outcomes are more controversial. While some studies have shown an association between marginal insertions and fetal growth restriction or small for gestational age neonates, other studies have failed to find an association. 3, 6, 25, [30] [31] [32] 94 In a large, population-based cohort study, marginal umbilical cord insertions were associated with increased risk of abruption, placenta previa, pre-eclampsia, and preterm birth. 3 While the relationship between marginal cord insertions and pregnancy morbidities is less robust than for velamentous insertions, there is data showing associations as far back as the 1950s. 33 The data from the 1950's is from direct examination of the placenta. It is unclear at what distance from the edge of the placenta on a mid-trimester ultrasound the risk becomes significant. A summary of studies investing outcomes for marginal and velamentous cord insertions is presented in Table 1 . 93, [96] [97] [98] Explanations for the association of adverse maternal and fetal outcomes and between maternal vascular disease and abnormal cord insertions have been postu lated by multiple groups. Both marginal and velamentous umbilical cord insertions appear to be part of a spectrum of cord insertion abnormalities, and there is evidence that a marginal insertion may evolve into a velamentous cord insertion as the pregnancy advances, due to trophotropism-a process by which the placenta preferentially grows in areas of optimal uterine perfusion and simultaneously atrophies in areas of relatively suboptimal conditions. 2,4,5 Yampolsky et al have found that eccentric umbilical cord insertions have a significant impact on placental vascular structure, and are less metabolically efficient than placentas with central cord insertions. 34 This aberrant vascular arrangement may predispose to adverse outcomes related to placental vascular invasion and perfusion. Additionally, given that marginal and velamentous cord insertions have been associated with similar maternal morbidities and pregnancy-related morbidities, these aberrant insertions are likely manifestations of a continuum caused by altered placental development. 2 A second theory proposes that abnormal cord insertions are caused by disorientation of the blastocyst during implantation, whereby the embryo is oriented toward to the chorion laeve instead of the endometrium, which leads to misalignment of the vascular stalk-the so-called 'theory of polarity'. 8, 35 The exposed umbilical vessels in velamentous insertions are at risk of compression, thrombosis or rupture due to lack of protection by Wharton's jelly, and noted associations with fetal morbidities are plausible.
Management of Pregnancies with Abnormal Cord Insertion
Given current data limitations, there is no consensus on management guidelines in instances of abnormal umbilical cord insertions. In cases of velamentous cord insertion, comprehensive examination for vasa previa should be performed. However, other aspects of management are vary by expert opinion and include serial ultrasounds to detect fetal growth restriction, initiation of antepartum fetal testing in the late third trimester, and induction of labor by 40 weeks gestation. 36 The lack of recommendations for management of patients with a marginal umbilical cord insertion is even more apparent, with most patients receiving only routine obstetric care. It is clear that more robust studies are needed to develop evidence-based comprehensive guidelines for the management of pregnancies with abnormal cord insertions.
Abnormal Cord Insertion Recurrence Risk
Recurrence risk after having had a pregnancy with a marginal or velamentous cord insertion appears to be higher than in patients with a prior normal cord insertion. Ebbing 
Vasa Previa
Vasa previa is a type of velamentous cord insertion where the fetal vessels traverse in the membranes near or over the endocervical os. 2, 37 This abnormality occurs in approximately 1 in 2,500 to 5,000 pregnancies. 1, 37, 38 There is no strict definition of the proximity of the fetal vessels to the endocervical os, although 2 to 3 cm has been previously used. [39] [40] [41] Vasa previa was first reported in the 1800s and resultant fetal bleeding from the exposed vessels has been described as 'Hemorrhage of Benckiser' after one of the first clinicians to describe this phenomenon. 1 Catanzarite et al classsifed vasa previa into two based on placental characteristics: Type I comprising vasa previa with a single placental lobe with velamentous cord insertion and Type II involving multilobular placentas with connecting vessels running over the cervical os. 42
Risk Factors for Vasa Previa
Risk factors for vasa previa include placental abnormalities including succenturiate or bilobed placenta, previa or low-lying placenta, in vitro fertilization, and multiple gestations. 37, [43] [44] [45] The likelihood of vasa previa in the setting of velamentous cord insertion is approximately 1:50. 46 Schachter et al reported a significantly increased odds ratio (OR 27.4; 7.4-917) for vasa previa in the setting of in vitro fertilization. 47 Others have found an association with cord insertion into the lower uterine segment, particularly in the lower third of the uterus, and the presence of vasa previa. [48] [49] [50] 
Visualization of Vasa Previa
Prior to routine ultrasonography, vasa previa was rarely diagnosed antepartum, which led to devastating antepartum consequences. The ultrasonographic diagnosis of vasa previa is first reported in the late 1980s to 1990s in multiple small case reports using grayscale and Doppler sonographic imaging, initially with transabdominal approach, and then using transvaginal ultrasonography. [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] Currently, targeted screening for vasa previa using transvaginal ultrasonography should be utilized in the presence of placental risk factors including placenta previa or low-lying placentation, multiple placental lobes or succenturiate lobe and velamentous cord insertion. 37 Vasa previa can be identified on grayscale transvaginal ultrasonography by visualization of an echolucent tubular structure adjacent to or overlying the internal cervical os. 37 Diagnosis of vasa previa should confirmed with color or power Doppler demonstrating pulsatile flow with fetal vascular waveform pattern. 37 It is important to exclude a false positive result from free loops of cord overlying the cervical os by visualizing the vessels' immobility and persistence with maternal position changes. 37 The use of three-dimensional ultrasonography and transperineal approach have also been reported in the diagnosis of vasa previa. 44, [62] [63] [64] [65] In a case series by Lee et al, the diagnosis was made at a mean gestational age of 26 weeks, with the earliest recognition at 15 weeks gestation. 44 The majority of cases were identified prior to 31 weeks gestation. First trimester imaging of abnormal cord positioning in the lower uterus with increased risk of vasa previa has been reported as early as 9 to 13 weeks gestation. 50, 66 A case series by Bronsteen et al found that transabdominal approach was less likely to detect evidence of vasa previa as compared to transvaginal. 39 Estimating the sensitivity and specificity of sonography in diagnosing vasa previa is difficult due to the difficulty in diagnosing cases after delivery. 44 However, in Lee's case series, there was only one case that was missed when records were reviewed. 44 Catanzarite et al found a specificity of 91% in their prospective cohort study spanning 7 years and including 11 cases of vasa previa out of 33,000 women. 42 A specificity of 97% was found in 32 cases of vasa previa that were identified out of 27,500 second trimester anatomic surveys performed by Rebarber et al. 40 A systematic review of eight case series, including some discussed above, totaling 138 cases and over 442,600 women found a median prenatal detection rate of 93%, and specificity of 99 to 100%. 67 
Pregnancy Risk Associated with Vasa Previa
Fetal and neonatal morbidity from vasa previa results from the risk of vessel rupture resulting in exsanguination, anemia, and death. Vessel compression may also lead to fetal heart abnormalities ante-and intrapartum which can result in fetal hypoxia and death. [68] [69] [70] The mortality rate in the setting of vasa previa has been reported to be as high as 60 to 70%. Fung and Lau, in reviewing literature between 1980 and 1997, found a perinatal mortality rate of 13% in 53 cases diagnosed antenatally. 71 A more recent case series by Oyelese et al found a mortality rate of 36%. 63 In the surviving neonates, perinatal morbidity including anemia, low Apgar scores, and need for transfusion was common (20-30%). 71 Another case series by Lee et al found a prevalence of antepartum bleeding in 1/3 of antenatally detected cases, but perinatal morbidity was relatively low. 44 Generally, the risk of antepartum vaginal bleeding appears increased, although this is often confounded by the presence of a low-lying or placenta previa. 39, 72 
Management of Pregnancies with Vasa Previa
There is no consensus on the antepartum management of patients with a vasa previa, although guidelines from the Society of Obstetricians and Gynaecologists of Canada, Royal College of Obstetricians and Gynaecologists, and more recently the Society for Maternal-Fetal Medicine (SMFM) have been published. 41, 73, 74 The potential for reduction in perinatal morbidity and mortality in the setting of vasa previa using targeted ultraso nographic screening and elective Cesarean delivery was first reported in the late 1990s. Routine second trimester assessment of the placental cord insertion should be performed universally and is recommended by the AIUM. Assessment for the presence of vasa previa via transvaginal ultrasound should be undertaken in those patients with risk factors, as antenatal detection is associated with improved outcomes. The SMFM recommends transvaginal ultrasonography using color and pulsed Doppler at 28 to 32 weeks gestation in those patients with resolved or persistent low-lying placenta or placenta previa to evaluate for placenta previa. 41 Significantly decreased rates of neonatal morbidity and perinatal death were noted in two cases series of vasa previa not detected prenatally as compared with those with antepartum diagnosis. 63, 75 Third trimester follow up imaging of vasa previa should be performed as case series have documented vasa previa resolution in some cases diagnosed in the second trimester (resolution rate: 15-24%). 40, 44 In this series, there were no cases of resolution when vasa previa was diagnosed in the third trimester. The frequency of ultrasound followup for vasa previa has not been studied.
Patients with a prenatal diagnosis of vasa previa should be closely monitored for signs and symptoms of labor or vaginal bleeding. Consideration of betamethasone course administration between 28 and 32 weeks given the high risk of preterm delivery is recommended by some guidelines. 41, 74 Recommendations for gestational age at hospitalization for the purposes of expectant management of vasa previa are variable, but typically suggest 30 to 34 weeks and many guidelines focus on individualization of care depending on clinical circumstances. 37, 41, 73, 74 Hospitalization affords the opportunity for increased surveillance and ability to perform cesarean delivery more quickly, although data on the effectiveness of this strategy compared to outpatient management is lacking. Some have incorporated serial cervical length measurement or utilization of fetal fibronectin testing to help guide management, with hospitalization based on shortened cervix. 76, 77 There have also been case reports of successful in utero intervention of Type II vasa previa in the second trimester using laser ablation, although this is not currently widely available nor standard management. 78 Current recommendations based on expert opinion include delivery via cesarean section at 34 and 36 weeks gestation to decrease the risk of fetal morbidity due to the approximately 10% risk of preterm rupture of membranes. 79 A decision analysis by Robinson et al which investigated timing of delivery found that delivery at 34 and 35 weeks gestation after the administration of corticosteroids without confirmation of lung maturity by amniocentesis resulted in the highest total quality adjusted life-years. 80 The SMFM states that based on available data, planned cesarean delivery between 34 and 37 weeks gestation is reasonable. 41 Delivery should be performed in institutions capable of higher-level newborn care including the availability of neonatal transfusion. There are no prospective studies that have specifically investigated the recurrence risk of vasa previa, although one review states that there is no increased risk. 81
Circumvallate Placenta
Circumvallate placentation occurs when the fetal membranes insert proximal to the placental edge; the chorion and amnion fold back on itself, creating a circular ridge around the edge of the placenta. 2 Figures 9 and 10 demonstrate circumvallate placentas. In circumvallate placentation, the chorionic placte has a smaller area than the basal plate and extrachorial placental tissue is present beyond the chorionic plate. The membranes are tethered in circumvallate placentas, often occurring with a marginal infarction, hemorrhage or fibrin desposition. 82 Normal fetal vessels are usually absent beyond the ridge of tissue. 83 Circumvallate membrane insertion can be partial or completely circumferential; complete circumvallate placentation is estimated to occur in 1% of all pregnancies. 84 Partial circumvallation is more common but not thought to be clinically significant. 85 Circumvallate placenta can be diagnosed sonographically, appearing as a 'shelf' on cross-section. It can also appear as a linear band like echogenic structure into the amniotic cavity, and can be mistaken for uterine synechiae or amniotic bands. 2 The circumvallate appearance is more commonly seen in the second trimester and may ultrasonographically resolve before the third trimester. In a retrospective study by Harris et al, sonographic identification of circumvallate placentation by multiple sonologists had a low sensitivity and specificity (ROC AUC = 0.5) in the second trimester. 82 They found no difference in the ability to detect compete circumferential circumvallation as compared to partial.
Retrospective studies have demonstrated that a circumvallate placenta is associated with a higher incidence of perinatal complications compared to controls. 83, [85] [86] [87] [88] In a retrospective study consisting of 19 circumvallate placentas, this abnormality was associated with a significantly increased risk of low birthweight compared to controls. 86 A larger case series of 41 circumvallate placentas by Paalman et al found an increased risk of antepartum vaginal bleeding, occurring in 51% of cases, preterm labor (63%), and third stage placental delivery complications. 87 A case series of 110 patients by Wilson et al also found a high rate of antepartum bleeding (47%), preterm delivery Fig. 9 : Ultrasound appearance of a circumvallate placenta at 18 weeks gestation. Note the band like structure overlying the fetal side. Ultrasound images at 30 weeks showed resolution of the band Fig. 10 : Gross pathology of a small circumvallate placenta also with marginal cord insertion. Note fibrous band around entire placental disk. Delivery was complicated by preterm labor and placental abruption. The newborn had severe intrauterine growth restriction DSJUOG (28%) and third stage complications. The increased risk of bleeding, both antepartum and postpartum, preterm delivery and retained placenta was also seen in a case series of 204 patients by Morgan. 89 Increased rates of intrauterine fetal demise were also seen. More recent case series have also found associations with circumvallate placentation and pregnancy morbidity. Suzuki's case series of 139 patients showed an increased risk of preterm delivery, oligohydramnios, non-reassuring fetal heart ones, placental abruption, intrauterine fetal death, low Apgar scores, and need for emergent cesarean. 90 Taniguchi et al found an increased risk of antepartum bleeding, preterm delivery, oligohydramnios, preterm premature rupture of membranes and subchorionic hematoma in patients with circumvallate placenta. 91 Increased rates of neonatal complications were also seen after adjusting for gestational age including smallfor-gestational age, chronic lung disease and neonatal death. Multiple other smaller case series have also found an increased risk of antepartum bleeding, preterm delivery, fetal and neonatal mortality and third stage complications. 85, 92 Many of these studies limited to case reports or small case series due to the relatively rare prevalence of the circumvallate placenta and lack of complete histological correlation.
There are multiple theories on the etiology of circumvallate placentation, including lack of chorion frondosum, which causes placental growth to occur in an oblique or lateral track which results in splitting of the decidua basalis, excessively deep implantation into the decidua which causes the placenta to cover more than half of the embryonic sac surface resulting in sac herniation and separation of the extra peripheral tissue at the uterine wall. 82 Others have postulated that hemorrhage at the placental edge in early pregnancy results in separation of the placenta and curling and flattening of the edge. 82
Single Umbilical Artery
The normal umbilical cord contains two arteries and one vein. The umbilical arteries branch from the fetal iliac arteries and carry less oxygenated fetal blood from the fetus to the placenta. The umbilical vein carries more oxygenated blood from the placenta to the fetus. The umbilical vein becomes the ductus venosus. After exiting the ductus venosus, blood passes into the inferior vena cava and predominately into the right atrium, foramen ovale, left atrium, left ventricle, and the fetal aorta. A smaller portion of blood from the right atrium passes into the right ventricle, pulmonary artery, ductus arteriosus, and to the fetal aorta. Single umbilical artery (SUA) occurs when one of the umbilical arteries does not form or atrophies during fetal development.
In prospective studies, SUA occurs in 1% of all deliveries and in 5% of twin deliveries. The incidence of SUA in autopsy series is twice that in prospective series. There is no evidence of a familial or genetic tendency. The incidence is dependent on race, method of cord examination, and portion of cord examined. 101 The left artery is absent more commonly than the right (70 vs 30%). The association with additional malformations appears equal for right and left in one series and higher if the left is absent in another series. 102, 103 The number of umbilical arteries can be ultrasonographically documented in several ways. The two arteries normally fuse at the insertion into the placenta, therefore, the cord is best examined at the fetal insertion or in the midportion. 104 The number of umbilical arteries can be determined by sagittal and transverse views of the free floating cord. In the sagittal view, two arteries must be visualized running adjacent and parallel to each other to confirm that two arteries are present. In the transverse view, two smaller arteries are visualized next to one vein. This view has the appearance of 'Mickey Mouse Ears'. Visualization of free floating cord is easier during and after the second trimester. Visualization of the number of arteries can be achieved after 11 to 12 weeks with color Doppler examination of the cord as it enters the fetus. In the transverse plane at the level of the fetal bladder, color Doppler easily maps the separation of the arteries, one on either side of the fetal bladder. Although high resolution ultrasound has more than at 90% sensitivity and near 100% sensitivity for detecting SUA, single artery images should be confirmed with at least to different methods of viewing and on two separate occasions to minimize the false positive rate. The false positive rate has been reported to be 8%. 105 Single umbilical artery has been associated with other congenital anomalies, intrauterine growth restriction, prematurity, and an increased perinatal mortality rate when com pared to infants with two umbilical arteries. In older prospective series, 20% of infants with SUA had other anomalies. 106, 107 A meta-analysis of 37 studies determined that there was a 66% incidence of other congenital anomalies when the diagnosis of SUA was made by examining abortuses, fetal deaths, or autopsies. More recent data supports a 30 to 40% risk of another congenital anomaly once SUA is diagnosed by ultrasound and the newborn and placenta are examined at birth. 108, 109 Once SUA is identified, a thorough search for other fetal anomalies is warranted. If other anomalies are not seen, the diagnosis becomes isolated SUA. The most common associated anomalies are cardiac and renal. Although formal fetal echocardiography is recommended my many authors, a recent series suggests that it does not add more diagnostic information when the four chamber view and outflow tracts are visualized as normal. 110 If additional anomalies are noted, fetal karyotyping is indicated. There is a 50% risk of aneuploidy when SUA is seen in conjunction with another anomaly (nonisolated SUA). 111 The perinatal outcome for isolated SUA is excellent and parents should be reassured. Fetal karyotyping is not recommended for isolated SUA. In most series karyotypes are universally normal is cases where SUA is the only abnormal sonographic finding. 112, 113 One group of investigators concluded that isolated SUA should not alter routine obstetrical management because outcomes (gestational age at delivery, birth weight, fetal anatomy, and karyotypes) were normal in 50 cases of isolated SUA. 113 Other investigators reported intrauterine growth restriction in 11% of isolated SUA fetuses vs 2.7 % in controls. 114 The rarity of isolated SUA makes studying large numbers of cases difficult. In most large centers, it takes 3 to 5 years to see greater than 50 cases. Ultrasonographic fetal weight assessment in the third trimester to exclude growth restriction is reasonable. Figures 11 to 13 demonstrate views of three umbilical vessels and single umbilical artery.
Umbilical Cord Coiling
Definitions of under coiling and over coiling of the cord have been well described for postnatal examination of the umbilical cord. The umbilical coiling index (UCI) is the number of coils divided by the total cord length. Under coiling is defined UCI values less than the 10th percentile. Over coiling is defined as UCI values greater than the 90th percentile. 115, 116 Postnatally diagnosed coiling abnormalities (under and over coiling) have been associated with pregnancy complications. Fetal death, nonreassuring fetal testing, and intrauterine growth restriction occurred in 25% of fetuses with abnormal coiling. 117 Coiling indices have also been developed for second trimester antenatal ultrasound assessment of the umbilical cord. The antenatal umbilical coiling index (AUCI) performed in the second trimester is correlated with the postnatal UCI. 118, 119 The AUCI is the reciprocal of the distance between two coils (AUCI = 1/ distance between two coils in centimeters). The distance between the coils is usually measured from the inner edge of an arterial or venous wall to the outer edge of the next coil along the ipsilateral of the cord. The mean AUCI in the mid trimester is 0.43. The 90th percentile is 0.602. The 10th percentile is 0.204. 120 Abnormal umbilical cord coiling detected by antenatal ultrasound between 18 and 23 weeks has also been associated with perinatal complications when compared to fetuses with normal coiling (small for gestational age 15 vs 6% and nonreassuring fetal testing in labor 25 vs 11%). There were no statistically significant differences with regard to 1 and 5 minutes Apgar scores, number of interventional deliveries, and meconium stained amniotic fluid in 294 patients. 120 Other authors have demonstrated variable complications associated with under and over coiling respectively 121 ( Table 2) . Documentation of umbilical cord coiling is not currently a required part of the routine ultrasound examination. Figure 14 demonstrates a hypocoiled umbilical cord.
CONCLUSION
Despite the fact that placental anatomy, function, and location has far reaching effects for the developing offspring, ultrasound examination of the placenta and umbilical cord is not usually interesting to most expectant parents. Routine examination of the placenta may be considered secondary to the fetal examination by sonographers as well. Ultrasound professionals must be cognizant of the importance of sonographic examination and documentation of the placenta and umbilical cord. 
